Th17 cells, a recently discovered subset of T helper cells that secrete IL-17A, can affect the inflammation process autoimmune and cancer diseases development. The purpose of this study was to evaluate the role of Th17 cells and IL17A in biology of CLL. The study group included 294 untreated CLL patients in different clinical stages. Here, we show that higher Th17 and IL-17A values were associated with less advanced clinical stage of CLL. Th17 cells' percentages in PB were lower in patients who died due to CLL during follow-up due to CLL (as compared to surviving patients) and in patients responding to first-line therapy with fludarabine-based regimens (as compared to non-responders). IL-17A inversely correlated with the time from CLL diagnosis to the start of therapy and was lower in patients who required treatment during follow-up. Th-17 and IL-17A values were lower in patients with adverse prognostic factors (17p and 11q deletion, CD38 and ZAP-70 expression). CLL patients with detectable IL-17A mRNA in T cells were in Rai Stage 0 and negative for both ZAP-70 and CD38 expression. Th17 percentages positively correlated with iNKT and adversely with Treg cells. The results of this study suggest that Th17 may play a beneficial role in CLL immunity.
Introduction
Many issues of the development and progression of chronic lymphocytic leukemia (CLL), the most common leukemia diagnosed in adults in Western societies, still remain unclear. Complex immune disorders, present even in patients in early clinical stages, are one of the characteristic features of CLL and are considered to play an important role in disease pathogenesis. The natural history of CLL is extremely variable, with survival times from initial diagnosis that range from 2 to 20 years. Some patients die rapidly, within two to three years from diagnosis, other patients live for 10 to 15 years. Over 35 different prognostic markers have been tested and most found to be of limited, in predicting the course of nonadvanced stages of CLL. Some of these are classified as ''traditional'', whereas others are classified as ''novel''. The four novel prognostic markers that currently are in widespread use in clinical practice are the following: immunoglobulin heavy-chain variable region (IgVH) mutational status, interphase fluorescence in-situ hybridization (iFISH) abnormalities, CD38, and zeta-associated protein (ZAP)-70 [1] .
These prognostic factors concentrate on the intrinsic abnormalities of the malignant B cell clone. It became clear that transformation and progression of tumors is not an independent process but it is controlled by their interactions with the tumor microenvironment [2] . The occurrence of several T cell abnormalities in patients with CLL is well studied and the changes in number and functions of T lymphocytes may support the ''microenvironment'' that sustains the malignant B cells clone, delays their apoptosis and may contribute to the pathogenesis and progression of the disease [3, 4, 5] . CD4+ T cells, especially the Th2 population, are involved in CLL progression [6] . In recent years, two new subsets of CD4 cells have been discovered, T regulatory and Th17 cells. T regulatory cells (Treg) are responsible for immune tolerance to tumor development and contribute to tumor growth in most cancer types [7, 8, 9] , as well as in CLL [10, 11] . The role of Th17 cells in cancer has not been thoroughly explored, and appears to be divergent and controversial. Th17 cells were described as a distinct subpopulation of CD4+ T cells in 2005 and named after IL-17A, their hallmark cytokine. IL-17A exerts pleiotropic effects on nonimmune and immune cells and is an important mediator of the inflammation process [12] . It was documented that Th17 cells are important in the immune response against extracellular bacteria, various fungi, and viruses [13] . However, they are also involved in the development of a number of organ-specific autoimmune diseases and chronic inflammatory syndromes [14] . Their role in cancer development remains elusive. Data from experimental animal studies and from cancer patients suggest that Th17 cells may suppress or promote tumor growth [15, 16] . The role of IL-17A and Th17 cells in CLL immunopathogenesis remains undefined. Jain et al. reported the elevated numbers of Th17 cells in peripheral blood of patients with CLL and their association with favorable prognosis [17] . In this study, we further investigated the potential role of Th17 cells in chronic lymphocytic leukemia by analyzing the frequencies of Th17 cells and the level of IL-17A in peripheral blood (PB) and bone marrow (BM) of CLL patients in correlation with clinical and laboratory parameters characterizing both disease activity as well as patients' immune status.
Materials and Methods

Ethic Statement
This study was approved by the Ethics Committee of the Medical University of Lublin (No. KE-0254/176/2009). Written informed consent was obtained from all patients.
Patients and Samples
PB samples were obtained from 294 consecutive patients diagnosed with CLL in the Department of Hematooncology and Bone Marrow of the Medical University of Lublin. There were 162 women and 132 men, with the median age of 64 years (range 38-87). BM samples were obtained from 40 out of the 294 study patients. CLL diagnosis of was based on the criteria from the International Workshop on Chronic Lymphocytic Leukemia (IWCLL) [18] . Disease staging was determined according to the Rai classification system [19] . Patient characteristics at the time of CLL diagnosis are summarized in Table 1 . All PB and BM samples were taken just after diagnosis and before the start of any anticancer therapy. Control PB samples were obtained from 45 healthy volunteers (HV) (25 women and 20 men, aged 32-70 years, median age of 59 years).
PB and BM samples were collected into heparinized tubes and immediately processed. Mononuclear cells were separated by density gradient centrifugation with Biocoll Separating Solution (Biochrom) for 25 minutes at 4006g at room temperature. Interphase cells were removed, washed twice, and resuspended in phosphate-buffered saline (PBS). PB and BM samples collected into EDTA tubes were used for plasma separation. Plasma samples were stored at -70uC until the time of analysis.
Intracellular IL-17A Staining
Intracellular IL-17A analysis was performed on fresh PB samples from 150 CLL patients and 45 HV. Additionally, intracellular IL-17A expression was examined in BM samples from 40 CLL patients. Mononuclear cells (2610 6 /ml) were cultured in RPMI 1640 supplemented with 2 mmol/L Lglutamine, 5% human albumin, 100 U/ml penicillin, and 100 mg/ml streptomycin. Cells were stimulated with 25 ng/ml of PMA and 1 mg/ml of ionomycin (Sigma, Germany) in the presence of BD GolgiStop (BD Pharmingen, USA) for 5 hours at 37uC in a 5% CO 2 atmosphere. Cultured cells were washed twice in PBS, divided into tubes, and then stained with monoclonal antibodies (MoAb) against the cell-surface markers CD4 FITC and CD3 PE-Cy5 (BD Pharmingen). Following membrane staining, cells were fixed and permeabilized using Cytofix/Cytoperm Fixation/Permeabilization Kit (BD Pharmingen) according to the manufacturer's instructions. Cells were then intracellularly stained with PE conjugated anti-IL-17A antibodies (BD Pharmingen) or a PE IgG1 isotype control. Finally, cells were washed and analyzed by flow cytometry, performed on a BD FACSCalibur System. Five data parameters were acquired and stored: linear forward and side scatter (FSC, SSC), log FL-1 (FITC), log FL-2 (PE), and log FL-3 (PE-Cy5). For each analysis, 20,000 events were acquired and analyzed using CellQuest Pro software. Isotype-matched antibodies were used to verify the staining specificity and as a guide for setting the markers to delineate positive and negative populations. Dot plots, illustrating the analysis method for the identification of CD4 
Intracellular TNF, IL-10, and IL-4 Staining
Analysis of intracellular TNF, IL-10, and IL-4 expression by CD3+CD4+ cells was performed on fresh PB samples [20] . MoAbs used for analyses included anti-CD4 FITC, anti-CD3 PECy5, anti-IL-10 PE (BD Pharmingen), anti-TNF PE, and anti-IL-4 (BD Biosciences). In the experiment, the mean percentages of CD3+CD4+ cells with intracellular cytokine expression were analyzed.
Analysis of T Regulatory Cells
T regulatory cells were evaluated in the PB of 100 patients via analysis of the surface expression of CD4 and CD25 antigens, as well as intracellular expression of FoxP3 by flow cytometry. The percentage of CD4+CD25+FoxP3+ T regulatory cells (Treg) among CD4+ lymphocytes was determined using the Human Treg Flow Kit (FOXP3 Alexa Fluor 488/CD4 PECy5/CD25 PE) from BioLegend (San Diego, CA, USA) according to the manufacturer's instructions.
Assessment of iNKT Cells
Flow cytometry analysis of iNKT cells was performed in fresh PB samples of 100 patients using MoAbs anti-iNKT FITC (antiVa24 FITC) and anti-CD3 PE (BD Pharmingen). A standard, whole-blood assay with erythrocyte cell lysis was used for preparing the PB specimens. The samples were analyzed by flow cytometry directly after preparation.
Flow Cytometric Analysis of CD38 and ZAP-70 Expression in CLL Cells
CLL cells were stained for CD38 antigen and ZAP-70 protein expression (as described previously [21] ). The cut-off point for CD38 or ZAP-70 positivity in leukemic cells was $20%.
Plasma IL-17A, TNF, and IL-10 Immunoassay
A commercial enzyme-linked immunosorbent assay (ELISA) kit (Quanticine Human IL-17 Immunoassay; R&D Systems) was used for a quantitative determination of human IL-17A in plasma samples. Likewise, commercial ELISA kits (Quanticine High Sensitivity Human TNF-Immunoassay and Quanticine human IL-10; R&D Systems) were used for a quantitative determination of human TNF and human IL-10 in plasma samples. Protocols followed were in accordance with the manufacturer's recommendations. The ELISA Reader Victor TM 3 (PerkinElmer, USA) was used.
RNA Preparation and Quantitative 'Real-time' Reverse Transcription-polymerase Chain Reaction (qRT-PCR) for IL-17A
Expression of IL-17A mRNAs in CD4+ T cells was analyzed in samples obtained from 84 CLL patients. In 12 representative CLL patients, IL-17A mRNA expression in CD4+ cells was analyzed after PMA and ionomycin stimulation.
For RT-PCR, total RNA was isolated using the QIAamp RNA Blood Mini Kit (QIAGEN) from CD4+ cells. The CD4+ cells were purified by positive magnetic selection using CD4 MicroBeads (Miltenyi Biotec). RNA quantity was measured using a spectrophotometer (Bio-Rad). RNA was transcribed into cDNA using the QuantiTect Reverse Transcription kit (QIAGEN) according to the manufacturer's protocol.
Real-time PCR was performed using TaqMan reagents specific for human IL-17A and internal control GAPDH (Applied Biosystems). The real-time PCR reactions were run for 40 cycles using universal cycling conditions (95uC for 10 minutes followed by 40 cycles at 95uC for 15 seconds and 60uC for 1 minute) on an Applied Biosystems 7300 Real-Time PCR System. Data was normalized to GAPDH (endogenous control). Data was analyzed using the threshold cycle (C T ) and was presented as 2 2DCT . DC T is the difference between the C T of the target gene (C Tt ) and the reference gene (C Tr ) (DC T = C Tt -C Tr ).
I-FISH Analysis
PB mononuclear cells were cultivated for 24 hours in RPMI 1640 medium without mitogen stimulation. After hypotonic treatment and methanol -acetic acid 3:1 fixation, cell suspensions were dropped onto microscopic slides and used directly for I-FISH. The commercially available Vysis probes (Abbott Molecular Europe, Wiesbaden, Germany) LSI ATM SpectrumOrange/ CEP 11 SpectrumGreen Probe and LSI TP53 SpectrumOrange/ CEP 17 SpectrumGreen Probe were used. At least 200 nuclei were analyzed for each probe. The cut-off levels for positive values for normal controls were 2.5% (mean 6 SD). 
Statistical Analysis
The Mann-Whitney U test was applied for statistical comparison of the results between CLL patients and HV, as well as between CLL patients in different stages of the disease. Comparisons among 3 or more groups were done with the Kruskal-Wallis test. The Wilcoxon paired test was used to compare the results in PB and BM. The Spearman rank correlation coefficient was used in correlation tests. The Kaplan-Meier method was used for drawing survival curves and results were compared using the logrank test. The time from CLL diagnosis to the start of therapy was calculated from the date of diagnosis to the date of the first treatment. Statistical analyses were performed with STATISTICA 9.0 PL and Graphpad Prism 5 (Graphpad Software, Inc.). Differences were considered statistically significant with a p-value #0.05.
Results
Plasma IL-17A Level
The IL-17A concentration in PB was significantly higher in CLL patients than in HV (39.35 pg/ml vs. 14.94 pg/ml, p = 0.0018) (Figure 2A ). There were no significant differences in IL-17A plasma levels between PB and BM (39.35 pg/ml vs. 
Intracellular IL-17A Expression
In CLL patients as well as in HV, the percentage of CD4
+ /IL-17A + (Th17) cells with intracellular IL-17A expression in non-activation assays was frequently lower than 1%, comparable with the level of autofluorescence. Despite the fact that IL-17A mRNA was not detected in T cells of the majority of CLL patients, the IL-17A protein was present in T cells after PMA and ionomycin stimulation. We found a significantly higher median percentage of CD4 + /CD3 + /IL-17A + cells in CLL patients than in HV (8.76% vs. 3.02%, p = 0.035) ( Figure 2B ). In the CLL patient group, there was a significant correlation between Th17 cell percentage and IL-17A plasma levels (R = 0.202; p = 0.036). There were no significant differences in Th17 cell percentages between PB and BM (8.76% vs. 9.96%) in CLL patients (p = 0.056). The expression of IL-17A in CD4 +
/CD3
+ cells showed low interindividual variability in HV. In CLL patients, IL-17A expression was more diverse and significantly higher in patients in Rai Stage 0 (median, 12.11%) as compared to those in Rai Stages I-II (median, 8.11%) and III-IV (median, 5.15%) ( Figure 3B) . Additionally, the percentage of CD4 + /CD3 + /IL-17A + cells was significantly higher in ZAP-70-negative patients compared with ZAP-70-positive patients (4.85% vs. 2.67%) ( Figure 4C ). Likewise, a significantly higher percentage of CD4 + /CD3 + cells with intracellular IL-17A expression in CD38-negative than in CD38-positive patients was observed (4.46% vs. 2.87%) ( Figure 4D 
Expression of IL-17A mRNA in CD4
+ T cells
Detectable amounts of IL-17A mRNA have been found in 5 out of CLL samples, whereas none of CD4+ T cells in the samples obtained from HV contained IL-17A mRNA. All CLL patients with detectable IL-17A mRNA in T cells were in Rai Stage 0 and negative both for ZAP-70 and CD38 expression. Each sample was normalized to GAPDH. In contrast, all CD4+ cells after PMA and ionomycin stimulation were found to express IL-17A mRNA (2 2DCT = 3.96; range, 0.5-14.6). The presence of IL-17A mRNA 
in CD4
+ lymphocytes prompted us to analyze intracellular IL-17A expression.
IL-17A Levels and Th17 Cell Percentage in Patients Carrying Unfavorable Cytogenetic Abnormalities
Karyotypic analysis at the time of testing was available for 124 out of the 294 study patients. There was a significant difference in median IL-17A levels between patients carrying the 11q22.3 deletion and/or the 17p13.1 deletion (12.24 pg/ml) and patients without these genetic aberrations (23.55 pg/ml; p = 0.016) ( Figure 4E ). There were no significant differences in Th17 cell percentages between patients with del(11q22.3) or/and del(17p13.1) and patients without these unfavorable genetic aberrations (8.55% vs. 9.65%) ( Figure 4F ).
IL-17A-secreting Th17 Cells and Clinical Outcome of CLL Patients
During the follow-up period (median, 9 months; range, 0.5-123 months), 141 patients (47.95%) were treated, fulfilling the criteria of therapy initiation according to IWCLL [18] . Sixty-two patients were treated with chemo-or chemoimmunotherapy with fludarabine combined with cyclophosphamide (FC) or with cyclophosphamide and rituximab (FCR). Complete hematological remission (CR) was achieved in 32 patients (22.70%), partial remission (PR) in 41 patients (29.08%), and stable disease and disease progression were observed respectively in 34 (24.11%) and 34 (24.11%) of the patients.
The plasma level IL-17A measured at the time of diagnosis was significantly lower in patients requiring therapy (median, 11.22 pg/ml) as compared to patients without treatment during the observation period (median, 20.52 pg/ml) (p = 0.0003). Moreover, plasma levels of IL-17A correlated with the time from CLL diagnosis to the start of therapy (p = 0.027).
Patients who achieved hematological remission after fludarabine-containing protocols showed a higher plasma IL-17A level as compared to non-responding patients ( Figure 5A ). In the patients with progressive disease, the percentage of Th17 cells was significantly lower than in those with complete or partial remission ( Figure 5B ). Plasma levels of IL-17A (median, 16.94 pg/ml) were significantly lower in patients who died in contrast to surviving patients (median, 37.81 pg/ml) (p = 0.028).
We analyzed Kaplan-Meier curves for the overall survival (OS) in groups with high and low expression levels of IL-17A. Neither IL-17A level nor Th17 percentage has prognostic value for OS.
Discussion
The role of the immune system in cancer development is undoubtedly crucial, though still not fully understood. Recently discovered novel subpopulations of Th cells, T regulatory cells, and Th17 cells have raised questions on their putative contribution on tumor immunity. In this study, we found both higher median percentage of PB CD4+ T-cells with intracellular expression of IL-17A and higher IL-17A plasma level in patients with CLL comparing to the healthy control that might suggest the potential role of IL-17 and Th17 cells in CLL immunobiology. This data is in agreement with the recent paper of Jain et al., who also reported higher absolute counts and percentages of Th17 cells in peripheral blood in CLL patients than in healthy controls [17] . High frequencies of Th17 cells and IL-17A levels in tumor tissues, malignant ascites fluid, and PB have been previously observed in patients with solid tumors [22] [23] [24] [25] [26] [27] as well as hematological malignancies such as acute myeloid leukemia [28] , myelodysplastic syndrome [29] , and multiple myeloma [30] , where it correlated with markedly more favorable clinical outcomes. However, it is possible that Th17 function may vary according to cancer cause, type and location as well as stage of disease, since collective evidence suggests that Th17 cells, may induce inflammation and promote the initiation and early growth of some tumors [31, 32] . In the current study, we observed significantly higher percentages of Th17 cells in patients in early clinical stages of CLL as compared to those in advanced Rai stages. It is possible, that Th17 cells might be one of the elements of the immune system responsible for protection from the proliferation of B cell leukemic clones, allowing to maintain control in early clinical stages.
In further analysis, we found inverse relationships between IL-17A-secreting Th cells and a progressive clinical course of CLL. Th17 percentages in PB were lower in patients who died due to CLL during the follow-up period as compared to surviving patients. IL-17A plasma levels were lower in patients who required therapy due to CLL during the follow-up period as compared to patients who were not treated, and correlated with the time from CLL diagnosis to the start of therapy. Th-17 frequencies and IL-17A plasma levels were significantly higher in patients with adverse prognostic factors such as 17p and/or 11q deletion and CD38 and ZAP-70 expression. All CLL patients with detectable IL-17 mRNA in T cells were negative for both ZAP-70 and CD38 expression. The percentage of Th17 cells was significantly lower in patients not responding to the first-line therapy with fludarabinebased regimens as compared to responding patients, suggesting its potential predictive value. The data are in agreement with the earlier observations of Jain et al. [17] , who noted a correlation between Th17 cell count and overall survival in patients with CLL. Likewise Jadidi-Niaragh et al. [33] showed a lower frequency of Th17 cells in progressive CLL patients compared to indolent patients and normal subjects. The mechanisms, i.e. how the antitumor response is attenuated when the leukemic clone gains the advantage, remain unknown. Observations on the higher prevalence of Th17 cells in tumor tissue in early versus advanced clinical stages concerned solid tumors like ovarian [23] , breast [24] , and gastric [25] cancers where the Th17 cell percentages gradually decreased along with the progression of cancer.
The premise on the beneficial role of Th17 cells in anti-tumor immunity in CLL might be further supported by the positive correlation between Th17 and iNKT cells and adverse correlation between Th17 and Treg cells. It is important to note that iNKT cells have recently been revealed as a one of key players in the immune responses against tumors [34] and their numbers and function were found to be normal in patients with CLL in early stages [35] . Our results suggest that that progression of CLL is associated with downregulation of Th17 cells and expansion of Treg cells. It seems that Th17 cells are positively associated with effector cells and negatively associated with Treg. These data are in agreement with the recent paper of Jadidi-Niaragh et al. [33] who reported that the decrease in IL-17-producing T cells was associated with CD39 + Treg cells expansion. Adverse relationships between Th17 and T regulatory cells were described in the microenviroment of solid tumors such as breast and gastric cancer. In early clinical stages, the percentage of Th17 cells was significantly higher as compared to advanced disease, in contrast to Treg that accumulated along with disease progression [24, 25] . Moreover, T regulatory cells inhibit generation and differentiation of Th17 cells in malignant pleural effusion of patients with lung cancer [36] . Both populations seem to exert reverse effects on tumor immunity, analogously to autoimmune inflammation, where Th17 and Treg cells play critical roles and their mechanisms of action are opposite to one another [37] . Moreover, Th17 cell percentages adversely correlated with IL-4+ producing Th2 cells and CD4+T cell producing TNF, and the plasma level of IL-17A inversely correlated with the levels of TNF and IL-10. A decrease in the percentage of Th17 cells was accompanied by an increasing percentage of Th2 cells, which, similarly to T regulatory cells, is responsible for the induction of immune tolerance to cancer. All three cytokines are considered to play an important role in the CLL progression [38] . IL-4 protects leukemic cells from apoptosis by increasing expression of Bcl-2 [39] and creating a microenvironment favourable for their development. TNF is believed to inhibit apoptosis in leukemic B cells via the activation of NF-kB [40] . TNF levels in peripheral blood of CLL patients was found to be higher than in healthy subjects, increasing along with the stage of disease and correlating with a more aggressive clinical course [41, 42] . IL-10 not only directly suppresses immune responses, but is also produced by malignant B cells, being their autocrine growth factor via the ability to inhibit the induction of apoptosis [43] . IL-10 serum levels are significantly increased in CLL patients and are associated with poor prognosis [44] .
The direct mechanism of Th17 action in CLL has not been yet studied and remain unexplained. The results of this study, suggest the beneficial role of Th17 in CLL immunity and indicate the need of further studies, not only in the context of their significance in the biology of this malignancy, but also the novel target for cellular immunotherapy. 
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